A B S T R A C T The effects of highly purified natural porcine cholecystokinin (CCK) and synthetic caerulein on the rate of flow of pancreatic juice, the rate of output of amylase, and the rate of release of immunoreactive insulin (IRI) and immunoreactive glucagon (IRG) were simultaneously investigated in the isolated perfused rat pancreas.
lated perfused rat pancreas.
The maximal flow rate of pancreatic juice was obtained with concentrations of CCK ranging from 0.5 to 10 mU/ml, whereas amylase output was maximal at CCK concentrations from 1 to 10 mU/ml. Caerulein at concentrations of 0.05-1 nglml induced a similar maximal flow rate and amylase secretion. Supramaximal stimulatory concentrations of these peptides resulted in lower rates of release of fluid and amylase than with the maximally effective concentrations. Stimulation of IRI and IRG release was elicited only with concentrations of peptides supramaximal for effects on the exocrine responses.
The demonstration of very similar discrepancies between the doses of caerulein required to elicit maximal exocrine responses and those required to elicit endocrine responses provide strong evidence that the pattern of the effect of the porcine CCK is accounted for by CCK itself.
Although caerulein had no influence on IRI response when superimposed on 100 or 150 mg/lOv ml glucose stimulation, preperfusion of caerulein led to a significant enhancement of IRI response to a subsequent glucose stimulation in both phases. The augmentation effect was completely separate from the direct IRI-stimulating effect of caerulein, because the CCKlike peptide requires no glucose for insulinotropic action.
INTRODUCTION
Earlier studies have shown that cholecystokinin (CCK)' elevates blood levels of insulin and glucagon in man and in animals (1-4), and stimulates the release of both hormones from the isolated perfused pancreas of the dog (5) (6) (7) and the rat (8) . Recently, these effects ofthe endocrine pancreas previously attributed to CCK have been ascribed to contaminating gastric inhibitory polypeptide (GIP) present in impure preparations of CCK (9, 10) . In fact, Dupr6 and Beck (11) , and other investigators (12) (13) (14) found no such effects of the hormone when highly purified CCK was used. More recently, however, synthetic COOH-terminal octapeptide of CCK has been shown to stimulate the release of insulin and glucagon both in vivo (15) and in vitro (6, 7). These conflicting results are probably caused by the fact that pure natural preparation of the hormone has not yet been studied in "physiological" doses. The present studies were, therefore, designed to determine the effects of CCK on the exocrine and endocrine pancreas in the isolated perfused preparation of rat pancreas with a highly purified natural porcine CCK as a stimulating agent. Synthetic caerulein was also studied as a stimulating agent because the COOH-terminal pentapeptide of caerulein is identical with that of mammalian gastrin and CCK, the molecule also has a sulphated tryptophan residue at position seven from the COOH-terminus, and it contains no contaminating peptides. Moreover, it has been proven that the biological actions of the peptide closely resemble those of porcine CCK (16) (17) (18) . In this experimental system, factors other than the direct effect of hormonal stimultus on the pancreas, such as acutonoiotis nervous system or alteration of blood gltucose concentrations, could be eliminated while simultaneously determining pancreatic exocrine and endocrine function. To determine whether CCK-like peptide might require high glucose levels, as does GIP, for insuliniotropic action, an infusion of caerulein at a concentration known to be effective at 50 mg/100 ml glucose was administered in the absence of glucose. In other experiments, a substimulatory concentration of caerulein for effects on endocrine responses was superimposed on 100 and 150 mg/100 ml glucose stimulation.
METHODS
IRI was measured by polyethylene glycol radioimmunoassay (21) . IRG was determined by radioimmunoassay with a tale absorption teelhniq(lue (22) The endocrine responses were transitory and proportional to the doses up to 100 nglml (Table I , Fig. 4 ). The secretory responses of IRI and IRG to 10 ng/ml caerulein in a glucose-free medium were almost identical to those induced by the same dose of caerulein in the presence of 50 mg0100 ml glucose (Fig. 5) .
Substimulatory concentrations of caerulein for effects on endocrine responses (0.1 nglml) were super- imposed for 10 min on 50, 100, and 150 mg/100 ml glucose stimulation. Neither the first nor the second phase of IRI release was elicited by this dose of caerulein. When the pancreas was exposed to caerulein, and subsequently to glucose, the IRI responses to glucose stimulation were significantly greater in both phases than those to control infusion without preperfusion of caerulein (Fig. 6) . The peak IRI value in response to 100 mg/100 ml glucose with or without preexposure to 0.1 ng/ml caerulein was 33.3±13.7 and 6.9 ±1.7 nglml, respectively. Whereas the peak value in the acute IRI response to 150 mg0100 ml glucose with or without pre-exposure to 0.1 ng/ml caerulein was 59.0±8.0 and 38.3±10.4 ng/ml. The augmentation effect was more pronoutnced in the second phase of the IRI response, whereas IRG concentrations in the perfusate were suppressed by these amounts of glucose. Despite these changes of endocrine responses, fluid and amylase releases in response to 0.1 ng/ml caerulein were unaffected.
Perfused isolated rat pancreas was temporarily exposed to medium with no added glucose followed by restoration of glucose medium (100 mgIlOO ml) to elicit endogenous IRI or IRG release comparable to that induced by high concentrations of CCK or caerulein. 1 mU/ml CCK, a maximal stimulatory concentration for effects on exocrine responses, was infused simultaneously in both situations to evaluate the effect of transitory increases in IRI or IRG concentrations on CCK-induced pancreatic exocrine secretions. In spite of the increased IRI or IRG levels in the perfusate, the rate of flow and the rate of amylase output in response to 1 mU/ml CCK in both situations were nearly the same as those obtained in the presence of 50 mg/100 ml glucose, where neither IRI nor IRG was elevated (Fig. 7) .
DISCUSSION
CCK is an established stimulator of exocrine pancreatic function (24, 25) and has been reported by some to also stimulate insulin and glucagon release (1-8) . The interpretation of the latter observations are unclear, however, because of the fact that most studies have used impure CCK now known to contain GIP (9, 10) and because the plasma levels of CCK to which effects ofexogenous CCK should be compared are unkniown. The present study was, therefore, designed to reinvestigate the question with attention on both areas.
Highly purified porcine CCK is confirmed here to be capable of, not only stimulating the flow rate of pancreatic juice and amylase secretion, but also eliciting IRI and IRG release from the isolated perfused rat pancreas. However, discrepancies between the doses of CCK eliciting exocrine and endocrine effects were found. It is important to exclude the possibility that the stimulation of IRI and IRG release demonstrated with highly purified CCK is caused in some part by GIP, because it has been reported that pure natural porcine CCK obtainable from G.I.H. Laboratories in Stockholm has contained 1-2% GIP by weight (6) . The effectiveness of GIP as a stimulant of IRI release in the perfused rat pancreas was observed mainly in the second phase of secretion (about 10 min after the initiation of stimulation (26) , whereas the effect of CCK on IRI and IRG secretions was transitory; the responses at any doses were over by 5 min despite the prolonged infusion of CCK. An initial rapid-rise phase of IRI release as observed in the present investigation with CCK, was obtained only with doses of GIP >5 ng/ml in the presence of 8.9 mM (160 mg/100 ml) glucose (26) . From these observations it seems unlikely that GIP is involved in endocrine responses ofthe pancreas to highly purified natural porcine CCK. Moreover, the demonstration of very similar discrepancies between the doses of caerulein required to elicit maximal exocrine (28, 29) , whereas insulin has been demonstrated to potentiate the CCKinduced amylase release from the isolated rat pancreas (30) . As 
